Objective: To compare the short-term effects of pulsed laser and pulsed and continuous ultrasound on pain and functional disability in women with chronic non-specific low back pain.
Introduction
Low back pain (LBP) is one of most widespread and expensive public health problems in developed countries. Moreover, it is an important cause of work absenteeism worldwide, as well as affecting the quality of life of sufferers and their individual functional performances [1] [2] [3] .
Low back pain can be defined as a regional pain which is anatomically distributed between the last rib and the gluteal fold [4] , extending to one or both lower limbs [5] , often accompanied by exacerbation of pain and limitation of movement [4] . It is considered a pathology in the 10th revision of the International Code of Diseases by the World Health Organisation [6] . Low back pain is a major reason for visits to health professionals [7, 8] . In terms of the causes of low back pain, 5-15% are related to severe diseases of the spine; however, about 85% of cases have a diagnosis of non-specific low back pain, which does not have a well-defined etiology [1] .
Low back pain can cause functional disability, a wide range of therapeutic interventions are available to treat it [9] ; amongst these, low-level laser therapy (LLLT) and ultrasound are two options. According to Wright and Schiffman, [10] low level laser therapy can generate a response without producing heat in the tissues, and its analgesic and anti-inflammatory effects are due to its ability to increase capillary permeability. The laser analgesic effect is due to increased secretion of endogenous opioids such as β-endorphins, by which the pain is centrally inhibited [11] . However, the mechanism of analgesia has not been well established but has been attributed to the antiinflammatory and bio-stimulating effects of laser [12, 13] .
The use of ultrasound in musculoskeletal disorders is an intervention that is frequently used by physical therapists [14] . Its effects are classified as thermal or non-thermal, although the two effects do not always occur in isolation [15] [16] [17] . Therapeutic ultrasound promotes beneficial effects such as improved blood flow, decreased joint stiffness and muscle spasms, [18] increased range of motion and reduction of oedema, [19, 20] . With respect to the theory on the effectiveness and working mechanisms of ultrasound, a large amount of literature is available. However, further study is needed because previous results as to their effectiveness have been contradictory in patients with chronic low back pain [15] . Evidence of its effectiveness has come mainly from clinical parameters in pain studies [21, 22] .
In the literature, we do not identified study what compared the isolated effects between these treatment modalities in order to clarify which treatment must has better effect in the reduction of pain, as soon as there are several other reasons for providing interventions to patients with low back pain. The purpose of this study was to compare the short-term effects of pulsed low-level laser therapy and continuous and pulsed ultrasound on pain and functional disability in women with chronic non-specific low back pain.
Methods
A single blind randomized controlled trial registered with the Clinicaltrial.gov (NCT02150096). All patients signed the free and informed consent before the start of the treatment.
The evaluator of the results was blinded for the allocation of patients. Only women were chosen because the sex differences in pain perception, [23] [24] [25] [26] and included with a diagnosis of chronic non-specific low back pain in only regions 36 and 37 of body pain map [27] (without medication use for pain or compensation in the lumbar spine and to standardize the recruitment), who had been symptomatic for more than 4 monthsthereby allowing their pain to be characterised as chronic, [28] with pain between 4 and 7 on the visual analogue scale (VAS) at the time of assessment to keep homogeneity of pain (for less standard deviation) and with eutrophics (normal body mass index). We included women aged between 18 to 40 years old [29, 30] and excluded women with dental emergency; metabolic diseases (e.g. diabetes or hyperthyroidism); osteoporosis; abrasions on the skin at the sites of application of therapies [31] ; neurological disorders (e.g. dyskinesia); vascular disease (e.g. hypertension) [32] ; rheumatic diseases; neoplasms [33] ; and drug abuse. We also excluded pregnant [32, 34] or lactating women; victims of recent vehicle accidents or with sequelae from such accidents; those using analgesics, anti-inflammatories or psychotropic medication [35] ; and patients with herniated discs, spine fractures, spondylolisthesis [36] , kidney calculi or any other diagnosis which proved to be the cause of low back pain. The exclusion criteria were chosen to minimize the confusion variables.
Sample
The sample size was defined in order to detect a 2-point difference between groups on the pain intensity outcome measurement on VAS [37, 38] , assuming a standard deviation of 2 points. Power was defined as 80% for an alpha of 5% and attrition (dropouts) of 15%. Accordingly, 22 participants per group were required.
The participants were referred for physiotherapeutic treatment at a physical therapy clinic or screened in the community. Before the evaluation, they were randomly divided into four groups using SigmaStat, as follows: A Pulsed Laser Group (PLG; n = 29); a Pulsed Ultrasound Group (PUSG; n = 28); a Continuous Ultrasound Group (CUSG; n = 30); and a Control Group (CG; n = 24) representing patients awaiting treatment. The participants were selected after the application of the pain map [39, 40] .
Randomization
The randomization of the sample was carried out by computer. The results of randomization were sealed in envelopes to ensure the confidentiality of the order of allocation of groups, and each envelope was only opened after the initial assessment of each participant.
Intervention
To ensure allocation secret, continuous ultrasound and pulsed ultrasound application were standardised in the lumbar region, on the spinalis, erector spinae muscles and on the region of the multifidus which is below the two muscles mentioned above on the scoop between the spinous and transverse processes right and left of the lumbar vertebrae (1st, 3rd and 5th) due these regions were more trigger points. The volunteers remained lying in the prone position on a divan with an opening to rest the face and head, with a pillow under the abdomen to avoid the interference of unwanted muscle contractions of the muscles of the lumbar spine while the procedure was being carried out ( Fig. 1) .
Pulsed low-power laser
The participants received application of laser with an arsenic and gallium (ASGA) infrared wavelength of 904 nm, a contact area of 0.13090 cm 2 , average power of 0.04 W, peak power of 70 W ± 20%, duration of pulse of 60 ns, pulsed emission of 9500 Hz, laser class 3B, appliance model Laser Pulse (IBRAMED®) and a wavelength that followed the international standard IEC 825-1 (1993-11) and NBR IEC 60601- 2-22 (1997-10) . For the application of the pulsed low-power laser, the punctual technical was chosen, with dosimetry of 3 J, and an exposure time of 75 s in each treated area and final density of 18 J (7 min and 30 s), totally were applied 6 points.
Pulsed ultrasound
The PUSG received pulsed ultrasound application with a transducer operating at a frequency of 3 MHz, in the pulsed emission modality.
Continuous ultrasound
The CUSG received application of continuous ultrasound with a transducer operating at a frequency of 1 MHz, in the continuous emission modality. Both the 3 and 1 MHz modalities had WAS ERA of 3.5 cm 2 and a mean power output of 7 W. Both ultrasound groups received dosimetry of intensity of 1 W/cm 2 for 2 min continuously at each point standardised in the lumbar spine, totalling 12 min. The treatment time was calculated using Grey's formula [41] .
Evaluation
A blinded examiner performed the evaluations of patients immediately when they were selected and at the end of 10 sessions of treatment (4 weeks), except for pain (as recorded in the VAS), which was completed daily before the beginning and 5 min after the end of treatment.
The participants of control group were awaiting treatment, they were just evaluated and after the period of 4 weeks were reassessed. The pain was registered in the VAS only two times. The patients in the three experimental groups were treated three times per week on intercalated days totalling 10 sessions. They and the control group were instructed to continue without analgesics, anti-inflammatories or muscle relaxants, along with any other type of medication or treatment for pain or psychotropic medication during 10 sessions until the Fig. 1 Location of points for pulsed laser, pulsed ultrasound and continuous ultrasound treatment in the lumbar spine reassessment. The frequencies were chosen to verify if the profound or superficial wave is more effective, and if wave or light is more effective.
Primary parameter
The primary parameter was as follows:
➢ Pain: The pain was measured daily before each treatment and 5 min after the end of each treatment, with the patient indicating her current level of pain by marking a point on a 10 cm VAS. On this scale, 0 represents the absence of pain and 10 represents unbearable pain.
Secondary parameters
The secondary parameters were as follows:
➢ Quality of pain: For the quality of pain assessment, the McGill questionnaire [42, 43] adapted to the Portuguese used before and after the treatment [37] . This considers pain according to three dimensions, namely the sensorydiscriminative, affective-motivational and cognitiveevaluative dimensions. It is used to qualitatively and quantitatively assess the pain experience and is organised into four categoriessensory, affective, evaluative and mixedwith 20 subcategories and 67 words descriptors describing the quality of pain. The score (a total of 6 points) is calculated according to the number of words chosen; there are 34 words in the sensory category, 14 words in the affective category, 5 words in the evaluative category and 11 words in the mixed category. As to the assessment index of pain, this represents the sum of the values added to each word chosen in each of the dimensions. Thus, it is 1 to 10 as sensory; 11 to 15 as affective; 16 as evaluative; and 17 to 20 as mixed. ➢ Functional disability evaluation: Functional disability was assessed using the Roland-Morris questionnaire, which comprises 24 questions related to pain and function. The questions are straightforward and simple, giving a score of 1 for each statement the participant agrees with and 0 for each statement the participant does not agree with. The values are added together and obtain a minimum score of 0 and a maximum score of 24. Higher values indicate a worse low back pain condition [44] . The cut-off point for this questionnaire is 14; with a score above 14 points, the respondent is considered to have functional disability.
Statistical analysis
For the presentation of the frequency data, some demographic variables and percentages (%) were used. The normality of all data was assessed using the Kolmogorov-Smirnov test. In all statistical tests, the significance level was set at 5%. Intragroup analyses were performed using Wilcoxon's non-parametric test. Intergroup analyses were performed using Kruskal-Wallis analysis of variance. The groups were compared pre and post treatment. Statistically significant differences were identified using the post hoc Dunn's test (non-parametric). The statistical analysis in this study was performed using the Windows Excel and Sigma Stat 3.5 software.
For the three treated groups, the relative gain was calculated as a way of evaluating the results to determine clinically important differences, because many times there were no statistically significant differences. This is a parameter corresponding to the gain that the patients have experienced after the end of treatment, representing the degree of improvement. For low back pain, the clinical relative gain needed to be above 15% in comparison to the gain of the control group [8] . The relative gain was calculated with the initial VAS of the first treatment day and the last VAS of the last treatment day and using the equation shown in Fig. 2 .
Results
One hundred eighty-seven patients with non-specific chronic low back pain were screened and, 111 patients who fulfilled the eligibility criteria were selected. The Fig. 3 showed flow diagram of the study. The demographic data are presented in Table 1 , the demographic data demonstrates no significant differences. Table 2 shows the comparison between the groups before treatment. There was no statistically significant difference between the groups in parameters of pain intensity or all dimensions of in quality of pain. In the post-treatment assessment, there were no statistically significant differences (p < 0.05) in pain (VAS) or quality of pain (McGill) in the total and sensory dimensions. All treated groups were statistically different when compared to the control group. The LG was statistically different from the PUSG and CUSG, demonstrating the greatest decrease in pain (VAS). The CUSG was statistically different from PUSG, exhibiting a greater reduction in pain. About the quality of pain (McGill and total sensory), the three treated groups were statistically different only from the control group, but not amongst them.
Discussion
The purpose of the present study was to compare the short-term effects of pulsed laser and pulsed and continuous ultrasound on pain and functional disability in women with chronic non-specific low back pain. In the In physical therapy practice, the laser and ultrasound modalities are used extensively in musculoskeletal injuries because of their ability to relieve pain and inflammation effects [10] , and the laser has low-cost for the patients [45] . In the present study, all treated groups exhibited improvement in pain, but the LG obtained the best results.
Although laser and ultrasound have similar effects, the absorption occurs differently in different types of tissue, and therefore, signifying a great difference between them [10] . The radiation emitted by laser has a low absorption coefficient and results in maximum penetration in tissues [46] ; however, to penetrate the tissues and be absorbed, the radiation releases histamine, serotonin, prostaglandin and bradykinin, and thus may inhibit or stimulate cell and enzyme activity [47] .
Another effect attributed to the laser that differs from that of ultrasound is the elimination of glucocorticoids [48] . Laser also alters the morphology of mitochondria in the perinuclear region at 24 to 48 h after irradiation, in addition to providing the training of giants mitochondria [49] . Laser irradiation results in calcium homeostasis, manufacture of oxygen and control of apoptosis in several pathophysiological conditions [50] .
In the present study, 1 MHz and 3 MHz of continuous and pulsed ultrasound, respectively, were selected; the continuous ultrasound exhibited better results than the pulsed laser in relation to pain. The 1 MHz continuous ultrasound reaches a greater depth in tissues, and increases vasodilation and local blood flow by modulating pain, reducing muscle spasm sites and increasing the extensibility of collagen [51, 52] . However, in terms of the improvement in functional disability, the PUSG showed superior results to the LG, CUSG and CG. The nonthermal effects of pulsed ultrasound may explain the improvement in functional disability. Stable cavitation consists of gas bubbles which expand and contract due to changes in pressure repeated over many acoustic cycles, representing a kind of micro-massage at the site and reducing muscle spasms [53] . Also, the micro-flow produces tension in highly viscous substances, and can alter the permeability of the cell membrane to sodium and calcium ions, which is important in the tissue healing process [15, 18, 51, 54] .
For more evidence of the effects of pulsed low-level laser therapy, pulsed ultrasound and continuous ultrasound, other randomized controlled trials should be carried out with appropriate samples. Moreover, studies should be conducted on the effects of gender; dosimetry, using suitable calculations; and tests of calibrated equipment for which there is a homogeneous of method. This will allow comparison of the results. It is also necessary to monitor the therapy in the medium and long term, as well as to use placebo groups as a way of obtaining more consistent data, resulting in studies with greater reliability.
The present study had some limitations. No follow-up was carried out and the results are only in the short term. Another limitation is the lack of a placebo group which is difficult to be authorized by the Committee for Ethics in Research. Complementary examinations such as image were also limiting factor in the diagnosis of low back pain not specific, although the age range of the sample already delete many cases of specific low back pain. 
Conclusion
The pulsed low-power laser and pulsed and continuous ultrasound have significant short-term effects when it comes to reducing pain and improving functional disability in woman patients with non-specific chronic low back pain. However, in terms of the improvement in functional disability and when compared the groups, the PUSG showed superior results to the LG, CUSG and CG.
Clinical messages
Pulsed low-power laser and pulsed and continuous ultrasound have significant short-term effects when it comes to reducing pain and improving functional disability in patients with non-specific chronic low back pain. In a comparison of pulsed laser, and pulsed and continuous ultrasound, the pulsed laser has more significant effects in decreasing pain, while pulsed ultrasound was superior in improving functional disability. Table 2 Comparison of the treated groups pre-and post-treatment and the control group for the evaluation and re-evaluation 
